Background: Chemokines play a pivotal role in immune regulation and response, and previous studies suggest an association between immune deficiency and non-Hodgkin lymphoma (NHL).
Introduction
CC chemokines, a chemokine subfamily contains 4 or 6 cysteines, play an important role in the development of immune response due to their leukocyte migration function (1) . There is growing evidence that CC chemokines and their receptors play a role in the pathogenesis of nonHodgkin lymphoma (NHL), and chemokine receptors have been shown to be overexpressed in certain NHL subtypes. For example, CCR4 was associated with improved survival in patients with diffuse large B-cell lymphoma (DLBCL), and CCR7 expression was higher in cases of mantle cell lymphoma (MCL) and chronic lymphocytic leukemia (CLL) or small lymphocytic lymphoma (SLL; ref. 2) .
Although a direct relationship between the genetic polymorphisms of CC chemokine genes and risk of NHL have never been reported, genetic variations in these genes have been associated with risk of HIV-1 infection and autoimmune disorders (3) (4) (5) (6) , which are established risk factors for NHL (7) .
Using data from a population-based case-control study conducted in Connecticut women, we examined the association between genetic polymorphisms in 18 genes encoding for CC chemokines and risk of NHL.
Materials and Methods
Detailed descriptions of this study population and methods have been previously described (8, 9) . Briefly, a total of 601 incident cases and 717 population-based controls were enrolled and completed in-person interviews. All cases were histologically confirmed by 2 independent study pathologists and classified into NHL subtypes according to the World Health Organization classification system. Population-based controls were frequency matched to the cases by age (AE5 years) and gender. The study was approved by the Institutional Review Boards at Yale University (New Haven, CT), the 
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Connecticut Department of Public Health, and the National Cancer Institute (Rockville, MD). DNA was extracted from blood samples (461 cases and 535 controls) using phenol-chloroform extraction method. Genotyping was conducted at the National Cancer Institute Core Genotyping Facility (Advanced Technology Center, Gaithersburg, MD) using an Illumina GoldenGate platform. A total of 448 cases and 525 controls were successfully genotyped. Duplicate samples from 100 study participants and 40 replicate samples from each of the 2 blood donors were interspersed throughout the plates used for genotype analysis for quality control purposes. In total, 103 single-nucleotide polymorphisms (SNP) from 18 genes encoding for CC chemokines were considered. The completion rate for all SNPs was more than 96%, and the concordance rate for quality control samples was more than 95% for all assays.
The c 2 test was used to assess the Hardy-Weinberg equilibrium (HWE). A minimum P test ("minP") based on permutation resampling was used to test for the association with NHL or subtype (10) . This approach adjusts for the number of tag SNPs tested within each gene region as well as underlying linkage disequilibrium pattern. Unconditional logistic regression was used to estimate ORs and 95% confidence intervals (CI) for individual SNPs and NHL, adjusted for age. The models compared the variant allele homozygote and heterozygote with the common allele, which served as the reference group. A linear trend test assuming an additive genetic model was conducted by assigning an ordinal value of 1, 2, or 3 corresponding to the homozygous wild-type, heterozygote, and homozygous variant genotype, respectively. These scores were then modeled as a continuous variable. We examined the haplotype block structure using Haploview version 4.2 (Broad Institute of MIT and Harvard, Cambridge, MA). The false discovery rate method (11) was applied to adjust for multiple comparisons, with significance level of 0.20. Statistical analyses were conducted using R package and Statistical Analysis Software version 9.3 (SAS Institute).
Results
The distribution of age, education level, and family history of cancer in first-degree relatives was similar for cases and controls (8, 9) . Of the 103 SNPs examined, 2 SNPs were not in HWE test and were excluded from the analysis (Supplementary Table S1) . At the gene level, CCR8 was associated with DBLCL (P ¼ 0.012), and CCL13 was associated with CLL/SLL (P ¼ 0.003; Table 1 ). After adjustment for multiple comparisons, none of these genes were remained statistically significant.
An increased risk was observed in CCR8 rs2853699 for DLBCL (OR GG/CC ¼ 3.18; 95% CI, 1.71-5.91; P ¼ 0.00025; P trend ¼ 0.0049). A reduced risk of CLL/SLL was associated with CCL13 rs1431991 GG genotype (OR GG/AA ¼ 0.22; 95% CI, 0.07-0.65; P ¼ 0.0061; P trend ¼ 0.0021; Table 2  and Supplementary Table S2 ). However, after adjustment for multiple comparisons, none of these associations remained statistically significant.
Haplotype analyses were consistent with the results of the individual SNP analyses and did not provide additional insight into these associations (data not shown).
Discussion
The study found no statistically significant association between polymorphisms in 18 genes encoding for CC chemokines and the risk of NHL. Potential associations with other CC chemokine genes that were not investigated in this study cannot be ruled out.
Our study was of moderate size for a rare cancer, and statistical power was lacked for consideration of associations in NHL subtype and potential gene-gene interactions. Because of limited SNPs included in our study, future study using the high-throughput analytic methods available (i.e., gene sequencing) may help clarify our findings and provide further insight into the role of CC chemokines in NHL overall or subtype. In conclusion, our study suggested that genetic variations in CC chemokine gene were not associated with the risk of NHL overall or any subtype. Further studies with larger sample size, larger number of genes examined, and high-quality study design are needed to confirm these findings and investigate the association between additional chemokine genes and risk of NHL.
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